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® Improved process for dissolving a gas in a liquid. 

® The pump energy requirements for the dissolv- 
ing of a gas in a liquid are significantly reduced by 
injecting gas bubbles into a stream of said liquid at a 
relatively low pressure, utilizing a pressure head of 
liquid to increase the solubility of the gas in the 
liquid, and employing liquid stream velocities and 
gas-liquid contractor diameters and lengths, gas dis- 
persion means and residence times such as to ob- 
tain a desired level of gas concentration In the liquid. 
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Background of the Invention 

Field of the Invention - The invention relates to 
the dissolving of a gas In a liquid. More particularly, 
it relates to the reduction of the energy require- 
ments associated with such dissolution. 

Description of the Prior Art - Pipe line contac- 
tors 'are"weincnowiT^s~r^^ dissolving gases 
in and/or reacting gases with liquids. Such contac- 
tors are often employed to increase the dissolved 
oxygen content of water or process liquids. Organic 
material in plant waste streams, e.g., paper mills 
and chemical plants, often leads to a need for such 
an increase in dissolved oxygen content before the 
discharge of such waste streams in a body of 
water. A similar need may also occur at municipal 
waste treatment plants. Fish farms often require 
increased dissolved oxygen levels to satisfy the 
needs of high density aquaculture. Pipe line con- 
tractors have been used for such gas dissolution 
operations, in desirable side-stream systems, 
wherein a fractional volume of a liquid stream is 
removed as a side-stream, pressurized, highly 
gasified and then mixed back into the primary 
stream of liquid. 

Typically in side-stream pumping systems, 
such gas dissolution processes are operated at 
high pressures to increase the rate of dissolution of 
the gas in the liquid. In addition, such high pres- 
sure operation increases the dissolved gas content 
levels achievable in such processes. High energy 
pumps are normally used to generate the high 
pressures at which it is desirable to carry out the 
gas dissolution processes. 

There is a general desire in the art to improve 
the efficiency of industrial processing operations. 
With respect to the subject gas dissolution pro- 
cesses, it would be desirable to reduce the energy 
requirements thereof. Such an energy reduction, in 
turn, would serve to facilitate the carrying out of 
useful gas dissolution operations that might other- 
wise be detered by the relatively high energy costs 
typically associated therewith. 

It is an object of the invention, therefore, to 
provide an improved process for the dissolution of 
gases in, and/or the reacting of gases with, liquids. 
It Is another object of the invention to provide a 
process capable of reducing the energy require- 
ments associated with the dissolution of gases in 
liquids. 

Summary of the Invention 

In conformity with the present Invention an 
improved process for dissolving a gas in a liquid 

comprises: 

(a) injecting the gas to be dissolved into a 
stream of said liquid at an initial, relatively low 



pressure to form a dispersion of gas bubbles in 
said liquid: 

(b) passing said liquid stream containing gas 
bubbles in a generally downward flow path, with 

5 the velocity of the liquid stream being at least 
about 2,4 m/s (8 feet per second) throughout 
said downward flow path to assure uniform dis- 
persion of gas bubbles, and enhanced gas dis- 
solution, in said liquid stream throughout said 

10 downward flow path; 

(c) continuing the passage of said liquid stream 
containing dissolved and dispersed gas at said 
flow velocity throughout said downward flow 
path for a residence time, as determined by the 

75 diameter and length of said downward flow path 
and the flow rate of said stream, to facilitate said 
dissolving of said gas in said liquid; and 

(d) recovering said liquid stream containing dis- 
solved gas and any residual dispersed gas bub- 

20 bles at a desired dissolved gas concentration 
level at the prevailing temperature and pressure 
at the point of recovery, said gas concentration 
of the recovered liquid stream being greater 
than the dissolved gas concentration level at the 
25 beginning of said downward flow path, whereby 
the desired gas dissolution can be accom- 
plished with desirably low pump energy require- 
ments and enhanced overall process efficiency. 
The invention combines the use of a pressure 
30 head of liquid, such as to significantiy increase the 
solubility of gas in a liquid stream, with liquid 
stream velocities, gas-liquid contactor diameters 
and lengths, residence times of the liquid stream 
containing dispersed gases in the contactor, and 
35 gas dispersion conditions, to obtain the desired 
level of dissolved gas concentration in the liquid 
stream recovered from the contactor. Significant 
savings in pump energy costs are achieved in the 
practice of the invention, conveniently employing a 
40 vertical pipe line contactor positioned in a welibore. 

Detaild Description of the Invention 

The objects of the invention are accomplished 
45 by a novel combination of processing features that 
enable the desired gas dissolution to be accom- 
plished at desirably low energy requirements and 
enhances overall processing efficiency. A liquid 
stream containing dispersed gas bubbles at a rela- 
50 tively low initial pressure is exposed to increasing 
pressure under conditions assuring that a uniform 
dispersion of tine gas bubbles is maintained, while 
the solubility and dissolution rate of the gas in the 
liquid is increased. Such conditions are maintained 
55 for a sufficient residence time under desired flow 
rate conditions such that a liquid stream having the 
desired dissolved gas concentration level is recov- 
ered at the prevailing temperature and pressure 
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conditions at the point of recovery. 

The dissolved gas concentration of the recov- 
ered liquid stream will, of course, be greater than 
the dissolved gas concentration of the initial gas 
dispersion formed at said low pressure in the prac- 
tice of the invention. The liquid stream thus treated 
is conveniently a side-stream, as referred to above, 
of a primary stream of liquid in which the gas is to 
be dissolved under advantageous processing con- 
ditions. 

In the gas dissolution process of the invention, 
the gas to be dissolved is injected into a stream of 
the liquid in question to form an initial dispersion of 
gas bubbles in the liquid. This gas injection step is 
carried out at an initial, relatively low pressure and 
may be accompanied by some small amount of 
initial dissolution of the gas in the liquid stream. 
The resulting liquid stream containing said gas 
bubbles is passed in a generally downward flow 
path from the elevation level at which said gas 
injection is carried out. During this downward flow 
path, the pressure on the liquid stream will be 
understood to increase because of its increasing 
hydrostatic head. This increased pressure of the 
liquid stream will, in turn, increase the solubility 
and the dissolution rate of the gas in the liquid. 

The desired gas dissolution is enhanced by 
maintaining the gas bubbles uniformly dispersed in 
the liquid stream, advantageously in the form of 
very fine bubbles having appreciably larger surface 
areas exposed to the liquid that is the case case 
when relatively large sized bubbles are formed. To 
assure such uniform dispersion of gas bubbles, 
desirably of fine gas bubbles, in the liquid stream, 
and enhanced gas dissolution, the liquid stream is 
exposed to suitable gas dispersion conditions dur- 
ing its passage through said downward flow path. 
Such gas dispersion conditions, as disclosed in 
further detail below, may comprise flow restriction 
means positioned in the downward flow path. Al- 
ternately, turbulent flow conditions such as to en- 
hance the uniform dispersion of fine gas droplets, 
and the dissolution of the gas in the liquid, can be 
created by the use of relatively high liquid flow 
velocities, without the need for incorporating flow 
restriction means in the liquid flow path. 

The liqi^id stream containing dissolved and dis- 
persed gas is continued to be passed in said 
downward flow path under the conditions indicated 
above to cause increasing amounts of the gas to 
be dissolved in said liquid. For this purpose, the 
liquid stream is passed In said downward flow path 
for a residence time, as determined by the diam- 
eter and length of said flow path and by the flow 
rate of said liquid stream, such that an advanta- 
geous dissolved gas concentration level is obtained 
at the end of said downward flow path. It will be 
appreciated that at relatively low flow rates, the 



length of the downward flow path can be made 
shorter, for a given flow path diameter, than is 
required at relatively high flow rates. In any event, 
the liquid stream containing dissolved gas, and any 
5 residual dispersed gas bubbles, can be recovered 
at a desired dissolved gas concentration level at 
the prevailing temperature and pressure at a de- 
sired point of recovery, with the gas dissolution 
operation having been enhanced by the combina- 

10 tion of processing features referred to above with 
respect to the passage of said liquid stream 
through said generally downward flow path. 

In one embodiment of the invention, the liquid 
stream containing dissolved gas at the desired 

75 level is recovered at a point of recovery essentially 
at the lower end of the downward flow path. In 
other emtx^diments, the liquid stream containing 
dissolved gas and any residual gas bubbles is 
passed from the lower end of said downward flow 

20 path in a generally upward additional flow path to a 
desired point of recovery. In such latter emtx)di- 
ments, the residence time of said liquid stream in 
the upward additional flow path is such that, at the 
point of recovery of the liquid stream from said 

26 upward additional flow path, the recovered liquid 
has the desired dissolved gas concentration at the 
prevailing temperature and pressure at said point 
of recovery. Such residence time of the liquid in 
the upward additional flow path is determined by 

30 the diameter and length of said upward additional 
flow path and by the flow rale of said liquid stream 
therein. In one convenient embodiment of the in- 
vention, the downward flow path is through an inner 
conduit surrounded by an outer casing. The liquid 

35 stream containing dissolved gas and any residual 
gas bubbles is passed upward In the annular space 
between the inner conduit and said outer casing, in 
a particularly convenient and preferred embodi- 
ment, the inner conduit and outer casing are posi- 

40 tioned in a wellbore, with the gas being injected 
into the liquid at groundlevel for passage into the 
wellbore through said inner conduit. The liquid hav- 
ing the desired dissolved gas concentration is re- 
covered from the annular space, also conveniently 

45 at groundlevel. It will be understood that the liquid 
could also be passed downward through said an- 
nular space, with recovery of liquid containing the 
desired dissolved gas concentration being made 
from the inner conduit, conveniently at groundlevel. 

50 ^ In another embodiment of the invention, the 
downward flow path and the upward additional flow 
path comprise a conduit loop having inlet and 
discharge ends at upper levels, e.g., at or above 
groundlevel. with said conduit loop having an inter- 

55 mediate portion of the flow path at a lower eleva- 
tion. While the process of the invention is prefer- 
ably employed using a downward flow path and 
upward additional flow path in which the inlet and 
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discharge ends are essentially at the groundlevel of 
a wellbore, it is also feasible to employ a downward 
flow path that is positioned essentially above 
ground. For example, it may be convenient in 
some embodiments to employ a downward flow 
path in a conduit positioned against or near a 
building or other structure with the gas to be dis- 
solved into a liquid stream being conveniently in- 
jected into the stream of liquid at the upper level of 
said conduit for passage downward therein to a 
lower elevation, e.g., at groundlevel. In such In- 
stances, it will be understood that the liquid stream 
containing dissolved gas and any residual gas bub- 
bles is passed upward from said lower elevation to 
a higher level in an upward additional flow path, as 
in the annular space between said conduit and an 
outer casing. 

It wilt also be appreciated that similar benefits 
can be achieved by passing the liquid initially in a 
generally upward flow path from the lower portion 
of a hydrostatic head of liquid, with or without a 
subsequent downward additional flow path. The 
pressure head is initially high due to the hydro- 
static head of liquid at the lower end of the flow 
path. Under circumstances in which the flow path 
comprises a continuous body of liquid, the pump- 
ing energy requirements of the process can be 
minimized. In such process variations, the highest 
rate of solution and the highest gas solubility are 
achieved at the beginning of the flow path, i.e. at 
the start of the initial generally upward flow path, 
and the flow path can be made desirably shorter 
than in various other process configurations. Such 
process variations are particularly desirable in 
cases in which the column of liquid is positioned 
above ground. Gas dispersion conditions, gas-liq- 
uid contactor diameters and lengths, liquid resi- 
dence times and the like are employed in such 
process variations as in cases, such as those de- 
scribed above, in which the liquid stream is initially 
passed in a generally downward direction. In an- 
other useful process variation, the gas to be dis- 
solved is introduced into the liquid in a horizontal 
flow column, employing said gas dispersion con- 
ditions, residence times and the like as above, with 
a hydrostatic head again being used to provide an 
increased liquid pressure in said horizontal flow 
column to increase the gas dissolution rate and the 
gas solubility in the liquid. In this latter variation, a 
side stream of liquid can conveniently be with- 
drawn from the lower portion of a liquid-containing 
vessel for passage desirably in a horizontal loop 
flow path corresponding to the flow paths de- 
scribed above. The desired gas can be injected 
into the liquid, which will have the pressure im- 
posed by the hydrostatic head in said vessel. Gas 
dispersion conditions, as described herein, can be 
employed to assure uniform dispersion of gas bub- 



bles and enhanced gas dissolution in the liquid. 
The passage of the liquid stream containing dis- 
solved and dispersed gas through the generally 
horizontal flow path is continued for a residence 
5 time, as determined by the diameter and length of 
the flow path and the flow rate of said stream, such 
that a desired dissolved gas concentration level is 
achieved at the end of the flow path. It will be 
appreciated that the horizontal loop flow path con- 
10 veniently ends with the discharge of the liquid 
stream containing the desired gas concentration 
level back into said vessel. 

Those skilled in the art will appreciate that 
various changes and modifications can be made in 
76 the details of the process as herein described 
without departing from the scope of the invention 
as set forth in the appended claims. For example, 
while various liquid flow rates can be employed, it 
is often desirable that the liquid flow rate in the 
20 downward flow path be maintained at only slightly 
above the nominal rise velocity of gas bubbles 
within the liquid. In this manner, the length of said 
downward flow path can be kept desirably short for 
a given residence time. In addition, it is generally 
25 desirable that the length and diameter of the up- 
ward additional flow path, and the upward flow rate 
of the liquid stream, are such that the gas con- 
centration at the upper end of said upward addi- 
tional flow path does not exceed the saturation 
30 concentration of the gas in the liquid at the tem- 
perature and pressure conditions prevailing at the 
upper end of the flow path. Under this condition, 
the oxygen or other gas utilization of the process is 
maximized and the length of the flow path is ad- 
ds vantageously minimized. 

As noted above, the gas dispersion conditions 
to which the liquid stream is exposed in the down- 
ward flow path can comprise flow restriction means 
positioned in said flow path. Those skilled in the art 
40 will appreciate that said flow restriction means can 
be an orifice, a venturi section of said flow path, a 
perforated baffle plate or any other such mechani- 
cal configuration or equivalent means known in the 
art for creating turbulence or like conditions such 
45 as to ensure a uniform dispersion of the gas bub- 
bles in the liquid stream during passage through 
said downward flow path, it will also be appreciated 
that such flow restriction means are desirably 
spaced along the length of said downward at con- 
so venient intervals to assure that the uniform disper- 
sion of fine gas bubbles and enhanced gas dissolu- 
tion are maintained throughout the length of the 
flow path. 

As an alternative to the incorporation of flow 
55 restriction means in the downward flow path, the 
gas dispersion conditions to which the liquid 
stream is exposed can comprise turbulent flow 
conditions created by passing the liquid stream 
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through the flow path at a velocity of at least about 
8 feet per second, preferably at a velocity of at 
least about 10 feet per second. Such turbulent 
conditions likewise assure that the gas bubbles in 
the liquid stream are uniformly dispersed, advanta- 
geously as fine bubbles, for enhanced gas dissolu* 
tion. It will be appreciated that the velocity of the 
liquid stream, to maintain such turbulent flow con- 
ditions, can be at any suitable velocity higher than 
the velocities referred to above depending upon 
the overall conditions pertaining to ^any given gas 
dissolution operation. Higher velocity conditions will 
be understood to generally require that the flow 
path length and/or diameter be made appreciably 
greater than is required for lower velocity oper- 
ations. 

In embodiments employing both a downward 
flow path and an upward additional flow path, it will 
be understood that, although the dissolved gas 
concentration at the lower end of the downward 
flow path may be such that gas dispersion con- 
ditions need not be employed in the upward addi- 
tional flow path, such gas dispersion conditions will 
commonly be employed in said upward additional 
flow path as well as in the downward flow path. The 
gas dispersion conditions employed in the upward 
additional flow path can be either the flow restric- 
tion conditions or the turbulent flow conditions as 
discussed above with respect to the downward flow 
path. It is within the scope of the invention to 
employ either the same or different gas disF)ersion 
conditions in the separate portions of the overall 
flow path. In one desirable embodiment, for exam- 
ple, flow restrictions can be positioned in the down- 
ward flow path and in the upward additional flow 
F>ath at conveniently spaced intervals, e.g.. at 30-40 
foot intervals. In this embodiment, the flow veloci- 
ties in the separate portions of the overall flow path 
and the size of the downward and upward addi- 
tional flow paths, i.e.. the length and diameter or 
cross-sectional area thereof, can be maintained de- 
sirably small. It will be further understood that the 
liquid velocity in the upward additional flow path 
can be the same or different than that in the 
downward flow path. In the preferred embodiment 
in which the downward flow path is in an inner 
conduit positioned In a wellbore. the cross sectional 
area of the annular space between said inner con- 
duit and an outer casing can either be the same as 
that of said inner conduit, or either greater or less 
than said area of the inner conduit. 

The Invention will thus be seen to combine the 
use of a pressure head of liquid, such as to signifi- 
cantly increase the solubility and dissolution rate of 
gas in a liquid stream, with liquid stream velocities, 
gas-liquid contactor diameters or cross-sectional 
areas and lengths, residence times of the liquid 
stream containing dispersed gases in the contactor. 



and gas dispersion means, to obtain the desired 
level of dissolved gas concentration in the liquid 
stream recovered in the process. Significant sav- 
ings in pump energy costs are achieved in the 
5 practice of the invention, with the benefits of the 
invention being particularly enhanced by the use of 
a vertical pipe line contactor positioned in a well- 
bore. 

The rate of dissolution of gas in liquid, e.g., of 

10 oxygen in water, is proportional to the driving force 
for the desired solution and to the specific inter- 
facial area of gas bubbles in a particular gas dis- 
solution operation. The driving force for the solution 
is defined by the term (Cs-C), where Cs is the gas 

75 solubility or gas saturation at the temperature and 
pressure of the liquid and C is the dissolved gas 
concentration at any given point of the flow path. 
Since the gas solubility increases as the liquid 
passes downward and is greatest at the lower and 

20 of the downward flow path, it will be seen that the 
difference between the gas saturation and the dis- 
solved gas concentration of the liquid' passing 
down said flow path establishes a generally in- 
creasing rate of dissolution in said downward flow 

25 path. In the upward additional flow path, on the 
other hand, the gas solubility of the liquid is re- 
duced as the hydrostatic pressure head decreases 
upon passage of the liquid upward through the 
upward additional flow path. As a result; the dif- 

30 ference between the gas saturation and the dis- 
solved gas concentration of the liquid passing 
through said upward additional flow path estab- 
lishes a generally decreasing rate of dissolution in 
said upward additional flow path. 

35 The rate of dissolution of the gas in the liquid 

is also proportional to the specific interfacial area of 
gas bubbles. Thus, the gas dispersion conditions 
referred to above, which provide for the formation 
of very fine bubbles of high surface area and the 

40 precluding of the growth of large size bubbles of 
relatively low surface area, assure that the inter- 
facial area of the gas bubbles contribute to the 
desired rate of dissolution of the gas in the liquid. 
Because of the difficulty in measuring the actual 

45 size of the bubbles in practical systems, the inter- 
facial area is conveniently combined with the mass 
transfer coefficient as a measure of the mass trans- 
fer characteristics of a given gas-liquid system. 
This combined factor can be determined fairly 

50 readily in practice. It will be appreciated that its 
value can vary substantially depending upon the 
gas dispersion characteristics of each particular 
system and the amount of gas employed. In pipe 
line contactors, the amount of the free gas de- 

55 creases from the inlet to the discharge end due to 
the gas going into solution in the liquid. Therefore, 
the measured mass transfer characteristics com- 
prises an average for a particular system design. 
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The dissolution capabilities determined therefrom 
should be considered as a good approximation, but 
not necessarily exact. For this reason, an over- 
design factor of 10% to 20% is desirably em- 
ployed. The residence time required to achieve a 
desired dissolved gas concentration is relative to 
the quantities (Cg-Co) and (Cs-Cf) where Co is the 
gas concentration of the liquid stream entering the 
contactor. Cf is the concentration of said liquid 
exiting said contactor, and 0$ is as referred to 
above, and to the gas-liquid surface area and mass 
transfer characteristics referred to above. In the 
practice of the invention, Cs is increased at the 
tower end of the downward flow path over the Cs 
value at the upper end thereof, whereby residence 
times are reduced to achieve a desired dissolved 
gas concentration in the liquid stream and the 
energy requirements of the process are minimized. 

In an Illustrative example of the practice of the 
invention, it is desired to oxygenate water available 
at a fish farm, and a primary stream of water is 
withdrawn from a fish pond for this purpose. A side 
stream, i.e. about 10% of the primary stream, is 
injected Into a 12" central conduit positioned In a 
16" wellbore casing, the well having a depth of 
about 1 80 feet. The initial concentration of oxygen 
in the water is approximately zero, and oxygen gas 
is injected into said side stream of water at an 
initial pressure of about 30 psia under ambient 
temperature conditions. The solubility of oxygen 
i.e. the oxygen saturation concentration, at the ini- 
tial conditions is about 80 ppm. The oxygen in- 
jected at said initial, relatively low pressure forms a 
dispersion of oxygen gas bubbles in the liquid. As 
the water in said side stream, and containing oxy- 
gen gas bubbles, is passed downward through the 
central conduit, the pressure on the liquid is in- 
creasing due to gravity, thereby increasing the 
oxygen solubility and the dissolution rate of the 
oxygen bubbles In the water. The flow velocity of 
liquid is about 2.5 feet per second in the central 
inner conduit and in the circular space between 
said conduit and the outer casing. Orifice plates are 
positioned at groundlevel and at well depths of 
about 60 and 120 feet within said Inner conduit to 
create desired gas dispersion conditions. In this 
example, no such flow restriction means are posi- 
tioned in the upward flow path in the annular 
space, which has a cross-sectional area approxi- 
mately equal to that of the inner conduit. The 
pressure at the bottom of the downward flow path 
is 120 psia, at which point the oxygen gas satura- 
tion level Is 320 ppm. Treated water recovered at 
the discharge end of the upper additional flow path 
in said annular space has a dissolved oxygen con- 
centration of 50 ppm, the pressure of said water 
being about 24 psia and the gas solubility at the 
prevailing pressure and ambient temperature con- 



ditions being close to 80 ppm. The pumping en- 
ergy requirements required to achieve such desir- 
able oxygen dissolution are found to be appre- 
ciably reduced to about 25% of said energy re- 
5 quirements required in achieving such oxygen dis- 
solution in a typical horizontal, surface side-stream 
process. 

The dissolution of oxygen in water, as de- 
scribed above with respect to an advantageous 

70 down hole oxygen dissolver embodiment of the 
invention, will be seen as an illustrative embodi- 
ment of the improved process of the invention for 
the dissolving of a gas in a liquid. Those skilled in 
the art will appreciate that the process of the inven- 

75 tion can be employed for a wide variety of other 
commercially desirable gas dissolution operations. 
The dissolution of oxygen in a waste stream, or in 
a side stream thereof, or the dissolution of chlorine 
or carbon dioxide in water or other liquid, are other 

20 illustrative examples of the useful application of the 
invention. 

The mention of a very significant benefit in the 
art, enabling gas dissolution operations to be car- 
ried out at advantageously low pumping energy 
25 requirements and overall processing efficiency. 
The invention thus enhances the technical and eco- 
nomic feasibility of carrying out a wide variety of 
desirable gas dissolution operations in practical 
commercial applications. 

30 

Claims 

1- An improved process for dissolving a gas in a 
liquid comprising: 
35 (a) injecting the gas to be dissolved Into a 

stream of said liquid at an initial, relatively 
low pressure to form a dispersion of gas 
bubbles In said liquid; 

(b) passing said liquid stream containing 
40 gas bubbles in a generally downward flow 

path, with the velocity of the liquid stream 
being at least about 2.4 m/s (8 feet per 
second) throughout said downward flow 
path to assure uniform dispersion of gas 
45 bubbles, and enhanced gas dissolution, in 

said liquid stream throughout said down- 
ward flow path; 

(c) continuing the passage of said liquid 
stream containing dissolved and dispersed 

50 gas at said flow velocity throughout said 

downward flow path for a residence time, as 
determined by the diameter and length of 
said downward flow path and the flow rate 
of said stream, to facilitate said dissolving of 

55 said gas in said liquid; and 

(d) recovering said liquid stream containing 
dissolved gas and any residual dispersed 
gas bubbles at a desired dissolved gas con- 
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centration level at the prevailing tempera- 
ture and pressure at the point of recovery, 
said gas concentration of the recovered liq- 
uid stream being greater than the dissolved 
gas concentration level at the beginning of 5 
said downward flow path, whereby the de- 
sired gas dissolution can be accomplished 
with desirably low pump energy require- 
ments and enhanced overall process effi- 
ciency. 10 



path comprise a conduit loop having inlet and 
discharge ends at upper elevations, with an 
intermediate portion of said flow path at a 
lower elevation. 

9- The process of claim 7 in which said inner 
conduit and outer casing are positioned in a 
wellbore. with said gas being injected into the 
liquid at groundlevel for passage into the well- 
bore through said inner conduit. 



2. The process of claim 1 in which the liquid 
stream flowing in the downward flow path is 
exposed to flow restriction means positioned in 
said flow path. 

3. The process of claim 2 in which said flow 
restriction means are positioned at spaced in- 
tervals along the length of said downward flow 
path. 

4. The process according to claim 1 or 3 in which 
the liquid stream is passed through said down- 
ward flow path at a velocity of at least about 
3.0 m/s (10 feet per second). 

5. The process according to any one of the pre- 
ceding claims in which said liquid stream con- 
taining dissolved gas is recovered at a point of 
recovery essentially at the lower end of the 
downward flow path. 

6. The process of any one of claims 1 to 4 in 
which said liquid stream containing dissolved 
gas and any residual gas bubbles is passed 
from the lower end of said downward flow path 
in a generally upward additional flow path to 
the point of recovery, the residence time of 
said liquid stream in said upward additional 
flow path, as determined by the diameter and 
length of said upward additional flow path, and 
the flow rate of said liquid stream therein being 
such that the liquid stream, at the point of 
recovery from said upward additional flow path, 
has the described dissolved gas concentration 
at the prevailing temperature and pressure at 
said point of recovery. 

7. The process of claim 6 In which said down- 
ward flow path is through an inner conduit 
surrounded by an outer casing, said liquid 
stream containing dissolved gas and any resid- 
ual gas bubbles passing upward In the annular 
space between said inner conduit and said 
outer casing. 

8. The process of claim 6 in which said down- 
ward flow path and said upward additional flow 



10. The process of claim 7 in which said Inner 
conduit and outer conduit are positioned es- 
sentially above ground. 

75 

11. The process of claim 6 in which the length and 
diameter of said upward additional flow path, 
and the upward flow rate of said liquid stream 
are such that the dissolved gas concentration 

20 at the upper end of said upward additional flow ' 

path does not exceed the saturation concentra- 
tion of the gas in the liquid at the temperature 
and pressure conditions prevailing at said up- 
per end of the flow path, 

25 

12. The process of any one of claims 6 to 11 and 
including exposing the liquid stream to gas 
dispersion conditions during its passage 
through said upward additional flow path. * 

30 

13. The process of claim 12 in which said gas 
dispersion conditions to which the liquid 
stream is exposed during its passage through 
said upward additional flow path comprise flow 

35 restriction means positioned in said flow path. 

14. The process of claim 12 in which said gas 
dispersion conditions to which the liquid 
stream is exposed in said upward additional 

40 flow path comprise turbulent flow conditions 

created by passing the liquid stream through 
said upward additional flow path at a velocity 
of at least about 2.4 m/s (8 feet per second). 

45 15. The process of claim 14 in which said liquid 
stream velocity is at least about 3.0 m/s (10 
feet per second). 

16. The process of claim 13 in which said flow 
50 restriction means are spaced along the length 

of said upward additional flow path. 

17. The process of claim 13 in which said flow 
restriction means positioned in said downward 

55 flow p>ath and in said upward additional flow 

path are positioned at spaced intervals in said 
flow paths. 
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18. The process of any one of the preceding 
clainns in which said gas comprises oxygen 
and said liquid comprises water. 

19. The process of any one of the preceding 5 
claims in which said liquid stream is a side 
stream of a body of liquid in which the gas is 

to be dissolved. 

20. The process of claim 19 in which said gas io 
comprises oxygen and said body of liquid 
comprises a waste stream to which the addi- 
tion of oxygen-rich liquid is desired. 

21. The process of claim 19 in which said gas 75 
comprises oxygen and said body of liquid 
comprises a fish pond to which the supply of 
additional oxygen is desired. 

22. The process of any one of claims 1 to 17 In 20 
which said gas comprises chlorine and said 
liquid comprises water. 

2a The process of any one of claims 1 to 17 in 

which said gas comprises carbon dioxide and 25 
said liquid comprises waters 
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